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ANALYSIS OF SELECTED DISSEMINATION

o o .| AND DESIGN PROBLEMS (U)
. ABSTRACT ]

This rrégram is to supply information required for the development
of new or improved chcmic;l raunitions, Progress is reported for the follow-
ing tasks: Task Il - Use of CW Agents in Recoilless Rifle Ammunition for
Defeat of Field l‘ortiﬁcaiono. Task (Il - Exploitation of Toxic CW in Tactical
Situations Using Ground-to-Ground Munitions; Task VII - Critical Analysis
of Dissemination Prognm. Task 1X - High Altitude Spray from Aircraft
and Guided Missiles; ‘l'uk X - Ground-to-Ground Rockets for Large Area
CW Goverage; Task XI - New Concepts for the Optimum Delivery of CW
Ajonu: Task XiI - Investigate the Feasibility of Producing '"Toxic Rain'.
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AMALYSIT O FLEC TN DISSOMINATION
f AND DESIGN PRCDLEMS (U

Summary Progress Report No, 4

Covering the Period
1 Juiv 1956 through 3i December 1956

L INTRODUCTION

This program is to supply information necessary for the development
of new or improved munitions, Work is performed according to task zes.pn-
ments, e¢ach of which defines a problem to be investigated or specifies
eervices to be rerdered. No experimental work is conducted in this project,
The experience of ARF personnel, information supnlied Ly personnsl of the
Chemical Corps and other agencies, information available in the literature,
basic physical principles and the techniques of mathematics are used to

accomplish the assignments. Technical supervision of this program is
supplied by the Weaponas Research Division, Dicectorate of Rescarch,
* Chemical Warfare Laboratories, Mr. Miiton Cutler, Chief of the Weapons
‘ i Research Division, is the Project Officer.
!' ’ A supplemental agreement was exec uted to permit the investigation
of additional preblermms. New tusks were assicned, and the time of perform-

ance was extended to 31 August 1957, The guidance was changed to 2inphasize

Exmrr e e

the generation of infcrmaticu needed in cet-hblishing (he design criteria for

new weapons,
This report reflectc the thinking and planning a¢ of 3! December 1956

e

g -

and has not been modified by Jater considcrations or agreemente,

R

i1 SUMMARY OF PROCNESS

A Task Il - Use f CW Agents in Recorllesw Rif'e Ammunition
for Defexr of Field Fortifications (Fred B, Siith)

- . - e e R

2 1““1‘
s

v of previoualy aeeigned wark, The purpose of

A R SN

floo Fommmebrtitg o f i e gt S filled rmemie o

bea Filaed o nouiralize field fortificationa, The need for
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a lightweight infantry wesnon able to overcome enemy personnel protected
by field fortifications, or other expedient shelter, has long been recognized
as a serious problem, Recoiiless rifles provide a means for delivering
accurate fire at distances greater than the effeciive range of small automatic
weapons. Toxic agente provide a means for attacking the personncl within
the protecting structure without breaching the walls, Thistasicawas to
determine how e, ' -tive chemical shells delivered by recoilies rifles may

be, and what charzz.eristics may be uesirbic in this type of shell,

2. Compendium of Previous Wo. ¥

Work previove to this pericd included a rather comprehensive survey
of the mission, foatures and vulnerability of field fortifications, together
with the situations and conditions in which {he various types of protective
installations might exist, Similarly, small unit tactics were studied in order
to establiah realistic limits and conditionse governing the possible use of
recoilless rifles for the defeat of this type of hard target, Requisite back-
gruound information concerning recoilless rifles, tneir ammunition, and
characteristice of chemical munitions was obtained. All of this has been
discuseed in prior repourts issued under this contract,

To establish a procedure for computing dosages inside the furtification,
and to obtain an initial estimate of dosages which might be expected, some
preliminary design investigations were made, Study of 57mm ammunition
indicated that a spin-etabilizcd shell containing 100 grams of GB und an
axial burster could bo medc, and should perform satisfactorily. Such a
shell hursting on the inside of a typical field fortification element shouid
produce dosages !ethal to masked perscnnel by percutaneous action of vapor.
However, at a 200C--ard range, ar excessive number of rounds must be fired
to obtain a reasonable expectati n Li.at one or more rounda will enter a one-
foot by three-foot firing embrasure, Therefore, further.study of the 57mm
round was drfcrred, and effort was concentrated on determining the effects
to Le expected fom 106mm armmmunition,

The dneages to be expected from a singls 106mm round, filled with
Jpoonda of GO, 2ad hsving an anial bureter containing 0.6 pounds of hinh
axpiosive, were (averiigatod, This work indicated that desagrs lethai !

inhalation msy result from a sins'e shell impacting et 2e By wear o6 o
‘ n P .
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structure. Under certain conditions, percutaneously lethal vapor dosages
may result inside of the structure from a single sheil. However, with the
usual shell designe, the dispersal of agent by the explosion is suchhat,
gensrally, a very small fraction of the total agent charge will be introdaced
intoc the fortification, Therefor~, the probability of neutralizing a fortification

by a single GB shell, of the usual dee. gn, is very small,

3, Progreu Durins Thin Pariod

The previous work demonstrated the need for more information
concerning the processes of explosive dissemination of liquids, and formation
of the initial agent cloud. The target region where impacts will occur most
frequently in sufficiently close to the fort.fication opzning that agent introduced
by the momentum of the particles will be the major contribution to tie total
dosage, Eoth the short term and total dosages resulting from agent introduced
during the formation of the initial cloud will be strongly deperndent on the
quantity and particle size of agent entering in the liquid phase as well as that
quantity entering as vapor., Thus, knowledge of the motion and distribution
of agent during the time following initiation of detonation is important to the
estimation of effects to be expected from hits close to the opening,

It appears to be desirable to use a dissemination system which
produce a more dense cloud than those resulting from munitions designed
for maximum area coverage. It wouid alsc be desirable to direct (he region
of maximum concentration of agent toward the opening. Munitions uaing
axial central bursters for dissemination of the liquid fill do not produce the
most desirable distribution of agent for this purpose, nor do shapes being
investigated for increasing initial area covearage, Thus, inrformation is
required o which to base designs to pe investigated in the task,

The shape and concentration of agent within the initial cloud, together

with interactions between successive burstsysbecome important 1n estimating
efferra Jrom o tn aix rourds succeesively imractine on the outeide of the
structure, Here, concentration distribution and ita variations with impact
conditions and time may differ greatly from any simple model which is not

v : AR S srip e Fom oy thig, ar ahe payenen ne w,w;;:ja1geqi~j.

indicated, a search of the literature availahle at the Chemical Warfare
Laboratories Technical Library, and a review of the ASTIA Index was

ARMOCUR RESEARCHK FOUNDATION OF 1L 'm0 s IMSTITUTE OFf YECHNOLOGY
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cenducted to find information available on explosive diasemination of liquids,
Unfortunately, no information directly applicable to this task was found,

A review of the' procedures used in the previous work was started.
This considered the validity of simplifying assumptions made together with
the manncr in which these simplifications affect dosage estimates. An
attemp: was made to determine a more secure physical basis for this part
of the task. Refinements were introduced where these would improve the
reliability of results, _

Two statisticians were assigned to work on this task late in December
1956, Work started on estimation of probabilities of killing the fortification
by single ahots fired from various ranges and at several positions for each
range, Equations were forrnulated for ihveutigation of effects from multiple:
impacts, ' - '

The activity on this task was reduced during this period. The
administrative reasons were: change in project organizaticn, changes in
other task assignments, changes in emphrasis on type of work to be performed,
and project funding during the first portion of the period, However, the more
important reasons were tectnical. The task had progressed to a stage where
the preliminary mode of attack was formulated and the first estimates of
dosages were made, Therefore, it seemed advisable to review the basic
premises and consider the basic model before starting the more detailed
computations, It was pa'rtlcularly necessary to check the physical reasoning
before entering statistical and probability congiderations, It was aleo thought
that a comprehensive review of literature, in light of our increased knowledge.
of the relative importance of the various factors, should be made, Although
a continuous survey of document listing was made for the entire project,
titles and abatracts are often misleading, so critical articles may be neglected,

The literature 1urvey was completed with negative results,

4, Plans for l‘utq_l:g_

Thn poeecwtnding of peohallitlier of achieving piven dosage levels with
eingle rounds wss continued, The work in mathematical staiistics remnred
for solution oi the successive impac’ problem was continued until dosages
gotme g bl e b e hanbiee fraim mee taoeen rousds were compaled foe thee DO

rifle,

AANMOUR RESZANCH FOUNNDAYTLAN OF 1LLIKOtS 'Msf1Tyutt Of 1ECHMNOLOG®
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An attempt was made to arrive at rheil design which would be more
effective than a central burster configuration, While this was based on
meager basic data, and no specific test reanits, it should ke helpful 1n
suggesting designs to be chetked by experiment, Desirable initial d:spersion
patterns were suggested.

The feasibility of using toxic-filled ammunition with the platoon anti-

. tank weapon were considered, It was expected that both the information and
methods developed in the study of the 166mm shell would be applicable to the
investigation of the 90mm shell. This weapon appeared to be a prumising
means by whick the small infantry unit might overcome field fortifi cations,
While its low velocity (700 fi/sec) and small shell (7 pounds) are not desirable,
the weapon is light in weight, may be readily manhandled, and should meet

Y mobdility and availability requirements, Specific details are requiredv before
toxic ammunition may be considered.

e e e

; B. Task IIl - Exploitation of Toxic CW in Tactical Situations
Usging Ground-to-Ground Munitions (Arthur Horberg)

1. Definition of Task

mre——

Under Task 111, the Armour Research Foundation was asked to determine
tactical situations of ground warfare in which the use of toxic weapons may

be advantageous. This task was to generate inforrnation to guide the munitions

research and development program, From this work, new weapons, new

T rTREmImec

uses {or toxic agents, or means for overcoming limitations of weapons
systems znd their application were to te suggested,

Task Ill was terminstzd at the Steering Committee Meeting held at
Cheinical Warfsre Laborateries on September 26, 1956,

ix e RAG M o

2. Work Accomplished Prior to this Period

Prior to June 30, 19%6, information periinent tu this work was

s VS T

dathered from Chemical Corps Operations Research Group, Continental
Array Trrmerd, flaemtss Dhsentinea Prasypch Crroen, Operatiorna Regenarch
Offize, Freineer Schonl, Ensinecar RBeerarch and Deovelopmont Laborstories,
Army Map Service, jrianiry 3choeol, Chemical Corpa Training Command,

medb The i 3Pl ey T en e A T et P yate s 0w et ie nl maituation,

which was develnmed 34 a prohlem by the Infantry Schonl at Fort Benning,
Georgia, was studied ir detail,
ABROUN RESEADCH FOUNDATION OF 1(1L1MC1S RS I1TUTE OF TECHNOLOGT
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To fulf:1l this assignment it ~as intended to construct or describe a
series of military situations representing both the preseat time and 19¢3,
Intuitive judnments bas~d on these situations were to be made concerning
situations advantageous for the use of toric weapons and techniques for their
use. The intuitive judgments were to be tested by means of an evaluation
program. To this end an evaluation methodology was to be developed,

One situaticn, developed a8 a4 problem by the Infantry School, Ft. denning,
Georgia, was studied in detail. This situation invoived the ATFA-2 division
in an offensive operation located in Western ‘Germ:ny, the objective being
Trier. The procedure used was to describe the problem as it was posed and
solved by Tie Infantry School both with and without atomics. Then toxic
chemical warfare wes applied to the situatirns from the attacker's point of
view, and then from the defender's point of view, This was an extension of
the School's approach, since the School considered no chemical munitions
other than screening smoke,

In 30 far as was possible, within the limnits of time and funds available
for this work, methods for computing probaktiiities of kills and determination

of criteria for effectiveness were jormulated. There was not time to develop

an evaluation technique whereby a weapon may be judged by its abﬂiiy to
enhance a compiete weapons system in a tactical situation,

3, Criteria for Effectiveness

A critericn for effectiveness of a weapon should be a function of
casualties, cost in manpower ‘o produce those casulaties, cost 1n dollars
to achieve those casulaties, and cost in tonnage to aclieve those casualties,
It may be argued that effectiveness is directly proportional to casualties
and inversely proportional to manpower, dollars, ard tonnage. Thus, the

casualties
men x doliars x tonnage °

relationship may be effectiveness =

But should men, dollars, and tons be asszigned the same weight? Are.they
of equal value in determining effectivenss? Where do you start counting men
rather than the dollar vslue o2 man-hours?

These goestinng may he answere. only when the camplete purpose of
the evaluation im knnen, The commander of a front line unit would count
combat-fit mep in line arasnirations and Marengnrd service troops.  The army

COrrmmnseep e

v include all his organic personnel who are involved in

ARRNOUR BESEARCK FOUNDATION OF 1LLINOIS IMATITYTE OFf TECHUNOLOGY
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Sapport of the activity to aiawrr;rzma the manprnwer reguired to complete a
mission, A war resources board might place a far broader int~rpretation
on the evaluation of eack factor than a military commander would permit,
A field commander faced withthe problem of supplying a unix by air
would disagree; hs woald give gr¢r er weight to tornage. On the other hand,

. am eecutive faced with the proble choosing weapors for etockpiling

would give more weiglt to dollary then, the reiative waight assignad
to eack parametor wonld depead oa the situation, and would be difficult to
ascertzin, in goneral,

It is suggested that the criterioa of effectiveness be

4

-.-—-——--“:::;““ , if mampower is the critical factor,

C"w“'!., if the aituztion implies that dollars are

Effectivencss P S s
© more significant,

casualties ’

tonnage if the situation implies that tonnage is

more significant,

\

In some cases ares covered with a lethal dosage may te more signi-
ficant than actual cacualties produced, since space buys time {n which or-
ganization may be completed or protective measures be taken before combat,
Obviously, a subjectiive decision s required for aach situation,

The effectiveness of one v}eapon as compared to the effectiveness of
another weapon has a very limited meaning, Rather, we should compare
the effectiveness of a system of wespona containing the weapoa in question
with the effectivensss of the system containing competing weapon, The
reason for this is that in any military situation no weapon in used by itseif,
Each weapon is usced to supplement or complement other weapons, It is
sugnested here that the effectivensge of chemical weapons be judged in this
manner, However because cf the limited time availabls no technique was
devsloped for dolng so, It is heged that for future work thie would be/ done,

4‘ 1{50 a :’-“m‘? oy o T LT ;
Sirce Task I'l was termin2tnd on Sentemher 26, 1334, the only «gc'ii;ity
was preparation of a renscrt on the work accomnliahed, g
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C. Task Vil - Critical Analveia of Dissemination Prdgram (Fred Smith)

' " Thia task wae to review critically and ccmment on "General Plan for
the Conduct of Applied Research ocn Disgemination of Toxic Materiale’ pre- '
pared by Chemical Warfare laboratories, A draft of the report for this
task was submitted during the previous semi-annual period, and was re-
turned for revision, It was agresd that changes in format and presentation
would he made, However, when the revision was started, it was found nec-

5 essary to contact each of twenty-two people who had contributed to the ini-
tial effort. Thess specialists supplied cocrections, clarification and explana-
tion, as wel! as background information on the status of work in specific
pertinent technical areas,

To present the work of this task in a form mos< useful to the reader,
and to obtain the maxitnum benefit from the wocrk performed, it was found

1 o necessary to rewrite the ioport previously prepared. The task of compiling
the comments prepared by the twenty-two technical staff members may only

| be accomplished by a person well acquainted with the Chemical Corps pro-
gram, Therefore this was a part-time activity of the project engineer in ad-

dition to work on other agsigned tasxs,

D. Task 17 - High Altitude Spray From Aircraft and Guided Missiles

(George Fejer, Robert Fisher, John Rosinski, Edward G. Fochtman,
James £ Ash)

1, Statement rf Problem

Py p—

This task was discussed at a Steering Committee Meeting at Armour
Research Foundation oa 3 August 1956, Subse . ntly, the task was assigned
at a Steering Committee Meeting held at Army Chemical Center on 26 Sep-
tember 1956. Task IX was defined as follows:* _

i Task I1X (New) High Altitud= Spray from Atircraft and Guided Missiles
"This tazk is a study directed at a determination and prepr+al of de-

m—
. . os

sign criteria for opray systems capable of disseminating low volatile liquids
as droplets (>3 mg) for the production of direct casualties and for ground cen-
tamination by mesns of aircraflt and mizgiles, A series of curves showing the

e e AT S FT

relationehip among the droplet aize, aircraft velocity, altitude of release of

x e
Charics) Cag o Rarcarch and Daovelopment Command, Themical Wiz
fare Lo o my £ ciend Genter, Marviend, Reierence N, CHLED.

CW-R(WR) DA-18-108-CML-5507,
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grovs liquid, quantity and rate of fiow of liquid, physical characteristics of
liquid, met comnlitions, axea coverage, and ground contamizaiion density are
required. Thess relstionclipa are required for the missile system as well
as for the aircraft system using flat trajectory missiles for connideration.
Alrcraft velocitics up to Mech 3 should be considered.

'~ Om the basis of the work performed the coatractor will propose design
criteria for aircraft and guided missiles spray eystems."

It was agreed that this work should be limited to the consideration of

aircraft flying at constant sititude and velocity, and missiles having a flat
trajectory during the cischarge of the liquid agent,

2e Discussion of Tasx

This work differs {ron) previous aircraft spray studies in many ways,
The results sought oppose the purposes of most spray systems, Discrete
droplets, sach three milligrams or larger, are waated to contaminate per-
sonnel in the open and the terrain, These large droplets ehould be dispersed,
as uniformly as is possible, over a la:g» area to yield a ground contamination
density of at least 30 milligrame per square matsy, It is desired that dissesnina-
tion be accomyiished by disckazging the liquid agent from missiles or aircrafl
flying at high speeds. At the time Of discharge, the air speed relative to the’.
liquid is much greater than air velocities in which three milligram droplets
can continue to exist. Thus, the problem is to prevent break-up of the liquid
stream until coaditions permit large stable drops to exist,

It is logical and expedisnt to considar this task in two correlated parts,
The first part is conc=2rned with tank discharge, separation of the liquid
strezm into particles, break up of unstable drops and other phenomena oc-
curiag before a distribution of stable droplets is obtained; these are problems
in the field of fluid macharics. The travel of these droplets through the at-
mosphere to the ground, the sifects of metscrological conditions on the drop-
lete and their disiribution, and the prediction of ground contaminatioa . re in
the field of the technology of fine particles, "

Taak ,”ft?;?“r;w tontien of Towle Maia hod ag itg ebinctive the anme tyn o
os terming offenis, PBoth of those teaeke ware inventlantinne of snmana for

producing casunallies, or dcnymg toruin, by liquid drops falling freely

n o 3 L .. e o— A, o . 4
thrrochthe ale, The aeechantiamg wh% gen Ty et Fixl vt s the drape,
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and the milltary uses for each system, may be quite different than those for
the other method for causing contamination, YTet, soon after the [iquid is
broken into draps, when stable dropiets traveling at terminal speed {for the
particular drop size are obtained, the motioas of the individual droplets may
be considered independent from and unaffecied by the mode of dispersal. So,
that part of the problem conceraed with the travel of the agent in the atmos-
phere, from a distribution of droplets at an altitude to the contamination
pattern on the ground, rnay be solved by the same methods for both tasks,
The work on Task IX was combined with the work on Task XII where this
would conserve effort without detracting from tke objectives of either task,
The study of the travel of droplets in the atmosphere is being coanducted
simultanecusly with the investigations of the n. :hanisms of spray formation
and means for producing largo droplets under the prescrided conditions. The
behavior of the droplets from the time of discharge until they reach the ground
indicates the time-space-particle size distribution desired from .ne spray
system, The design and operating characteristics of the spray systera deter-
mine the dispersioa of the liqu.d which nray be accampiished within the limits

of acceptable operating conditions,

3, Prolress Durii' Tris Period

a Literature Survey

An extensive survey of the classified and nonclassified literature per-
tinent to this task was started on Septembder 2, 1956, Subject and cross ref-
erence title: applicable to Task XII were added to the literature to be searched
on November i. The Chemiatry Literature Section, which is comprised of
specialists in this work, conducted the survey in cooperation with the tzcani-
cal personnel scheduled to accomplish the tasks, The work on Task V, to-
gether with the experience of the assigned personnel {n the fields of fluid
mechanics and aeroso} travel, provided a background of infermetion concern-
ing the state of knowledge and currert related activities, Thus, the number of
articles reviewed and studied could be limited to those which might bring new

information to bear on the specific problems,

TECHRILOGY
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b. Formation of Dro s from Fluid Jets in Air

A jet of liquid being discharged from a spray tank will torm a great
numbes of drepleta in a short time, The size and velocity of each droplet
is determined by the local stresses any mction in that portion of the liquid
from which it is formed at the time of its sepavation, Seps ‘ation of each
drop contributes an additiona! impuise to disturd the parent stream, Each
droplet formed creates an aZditional disturbancc tending to increase the
turbulence cf the flow of air around the jet, Thus, a wide variance in ini-
tial conditions of che droplets is to be expeacted, and this has been confirmed
by experiments conducted with spray nozzles. The droplet density is quite
high in the ,'roximity of the main jet. Thus, there are interactions between
droplets, Droplets overtake each other and collide, rebound, coalesce, or
shatter depending upon the coaditions of impingement. Small drops are cap~
: tured to produce large drops at the same time that large drops are being de-
f : formed and shattered by drag forces. Thus, we have a rapidly changing pic-
! ture until most of the drops are separated by distances which make collisions
}‘ ; improbable.
f A short time after ejection of the liquid, a relatively stable cloud of
; . droplets is obtained, Each droplet in this cloud will be traveling at a speed
f close to its terminal velocity. Droplets larger than the maximum size that
can subsequently exiat at this velocity will break into much smaller droplets,
: The smaller droplets will move more slowly than their parent, becauase they
i were slowed in the process of their formation and the retarding effect of air.

O R

resistance is larger. U we know the distribution of droplets in this cloud,
grousd contamination patterns may be predicted., These may be computed

by procedures fcr computing acrosol travel due to atmospheric winds, Ana-
Iytical procedures for determining this distribution from fundamental principles
do not exiat,

c. Study of Spray Formation

An analysis based or. empirical studies of spray formed by smali pneu-
matic jets was started. The formulae develersd hy Mirkiyvana and Tanasawa
and reavity of the inveetigrtiong by Rlizrringten and Richardson were used as
tha basis for this part of the work, These apply directly to the spraying of
liquide into air from jeta leas than 1 /2 inch in dlameter, Later 32 mrig
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were made to account for the effect of jet thickness in protecting the core of
the jet from the disrnptive (orces of the air by applying the techniques used

in G.l. Taylor's Portor. paper of May 1751,
[t was too early to peedict the results of the first analysis, dul it was

expected that unuesual methods will be required to prevent excessive breakup
of the liquid. Hydraulic nozzles, which are poor atomizers, may be more
suitable than present spray nozzles. Therefore, an analysis of drop size
distributiors which may be expected from hydraulic nozzles was planned.
Reports were ordered, and available literature was studied to gather the in-

formation necessary for starting this work.

d. Droplet Trajectory and Ground Conamination

This part was concerned with the acrosol problem and the behavior of
the aerosol which forms at 1000 {eet above the ground. It was not concerned
with the mechanism by which these drops are formed. The ground contamina-
tion was calculated in such a manner that it was poss:ble to obtain the rate of
liquid release of a given size distribution for any ground contamination level

desired.

E. Task X - Ground-to-Ground Rockets for Large Arca CW Coverage
(Fred B. Smith, Harold D. Black)

l.‘ Statement of Problem

This task was assigned at the Steering Committee Meeting held un Sep-
tember 26, 1956. The definition of the task is quoted {rom the letter dated
17 October 1956. Reference NoCMLRD-CW-R(WR) DA-18-1080CML-5507,

“This is a newly assigned task requiring that a study be conducted to
decermine and propcee design criteria {or rocket systems to disgeminate
low volatile liquids as droplets (>3 mg) for direct attack of peuohnel as well
as for ground contamination.

*This study should be conducted by examining the relationship of var:-
ables such as altitude of release of liquid, method of release of liguid {em-
phasis should be placed on base ejection type), velocity of rocket, physical
characteristice of liquid, droplet size, met conditions, ground contam:nation
density. and area coverage, Advantage will be taken of {iold test data obtained

by the British in their work on the 25 pounde» base cjection shell.
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"It 1s required that the contractor propose design criter:a for this
system including size, capacity, altitude of releaae, burster nmechai.om,

rate of {ire, aiming error, etc "

2. Discussion of Task

The performance specifications and military characteristics of a wea-

pou are furctiuns of the target to be defcated and the operatioral conditions

in which the weapon may be used. In this atudy, we shall consider only those

physical factors limiting the selection of performance specifications and the
manner in which these interact with the military characteristics of this type
of weapon. Although they cannot be excluded from the intuitive reasoming
processes, tactics, organization, economics, logistics, human behavior,
etc. m1ll be considered only to the extent that these are essential to the for-
mation of engineering judgments. Existing knowledge and experience will
guide the analysis. The results will be an engineering estimate which should
p-ovide a starting place for design, or requisite information {or operational
analysis.

The shape and sige of the area to be contaminated is one of the most
important considerations leading to the determination of an area co.crage
weapon system. An examination of factors involved in this problem led to
the selection of the area which one battalion may occupy as suitable for use
in starting this study. Recent operations research studies 1ndicate that a
battalion size organization may be dispersed over an area of approximately
three million square meters The shape of this arca 18 governed by mission,
terrain, progress of bartle, command decision and chance. Several shapes
may be usefu] approximations to actual military situations. Personnel of
the Operations Research Office suggested an elongated rectangular area,
having dimensions 300 meters by 10,000 meters, as a convenient repre-

sentation of a typical target experted to occur itequently in future combat.

i It is impoggible to obtain one simple target model which will adequately

describe the variety of field situations. Therefore, target shapes were sclect-
ed which were convemiont for partituilar sectinng of the analysia It was as-
sumed that a wniform density of contamination 13 desired, and that equai frac-
tions of the target area are of equal importance. A consideration of accuracy

nfinteliigence, snrad of communicatisne, deliva hetwemen command and

LY
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execution, and povaible variations 1n deployment of the ernemy will tend Lo
justify these assumptions. So, actual distvibution of men and maieriel within

the contaminated area does not enter this study. Simularly, degrees s{pro-
tection and evasive actions possible to the enemy were not considered. The
objective was to obtain a contamination density equal, or greater than, 30
milligrams per square meter with droplets 3 milligrams or larger over the
« ' target area. The minimum drop size and minimura contamination density
| specified by the Weapons Research Division were the only criteria for ter-
minal effects on the target.
Rational design criteria for an area coverage rocket weapon mua. de
based upon applicable munitions expendilure - area coverage relationships.
For reasons known to persouncl of the Chemical Warfare Laboratories, who
are well aware of the complexities of such problems, these relationships have
noi yet been developed. Moreover, there was insufficient timne and effort al.
, lotted to attempt specific solutions for these problems under this task. How.
eser, it was hovel that useful methods for ¢valuating the influence of deriga
variables upon munitions expenditure could be introduced into this investiga-
tion. Therefore, this task was expected to supply useful pre -design inforra-
tion before obtaining solutions for the expenditure-coverage prnblen
i The design features, variations in psrformance, operating prc. edures,
and conditions ot ule are all interdependent factors which govern the seful-
f ness of the weipon for covering areas of specific dimeasions at specific
“ ranges. For example, for rockets of usual designs, the standard deviation
¢ ~ in rar.ge ir greater, in yards, at short ranges than at maximum range. So,
wkile ballistic d-epersion is a function o the design of rocket and launching
conditions, it iv. also dependent upon the firing point selected. (See F:ig. 1.)

3. Rocket Desi

A large fraction of the effort has been devoted to consideration of the

L

et

rocket warhead. The warhead is defined as the f,roup of components which
: includes the agent charge, the mechaniam for ejecting the liquid, the fuze,
componente linking the fuze and ejection mechanism to start discha ge, and

reavizite atructural parts, This is the load thut the 1ocket must ca ry. It

is an important group contributing to the particle size distribution and dis-

tribution of agent on the target. However, before the design aud functioning

ARPOUS BESSARCH FOUNDATION OF 1LLINO!S 'NSYITUTE OF TECLMNMOLOGTY

LANEINTHTIAY

A
RS I NN

- 14 - ARF Froaject D113

.

[ TP —




b it S A~

DY U S BN WP, . r‘- I“ [ ."I-“ “ i , i
' S P S N
Ln\#\ ‘*
et :-—1 L] p o o ~—l —-—

3
/

O S—

@~ » Fords(correctad %0 oqual maxim:y reage)
“\
i
i

4/ S ) S

5

AN

r
i
|

— e g

o>

.

— T
i
(
1
i
.|

10 20 3 s 5 60 ™ 8 . 10

% of Maximum Range

Fig. 1 RALLI"TIA 1
FUEE Py

ARAOVR RISTARNCHN FOUWBATION OFf ILitnOIs IMSTITUTS OF TECHNGLOSY

ARF Projcct Di13}

qnmma war B onenmnas

@Mmﬂmnm meyme 8
Wiod daw i i i

E_ - 15 -




CONFIDZRTL

of warhead componentys may be studied, it is necessary to know the limit:ng

conditions under which these parts may be required to operate. Therefore,
These were simaply to pro-

e e — . WY

some general rocket calculationa were started.
vide rough estimates based on the combination of experience, empirical in-

formation, and basic equationa. They served to indicate the attitude and

velocity of the rocket at the time when discharge is desired, the ratio of
payloau to rocket weight for a given maximum range, etc. Such genera.

considerations are an important part in the early phases of work,

4, Plans for Future

The design of the rocket is intimately related to the method of ejecting
the agent and the ground contamination produced. The angle of fall and veloc-
ity of rocket during ejection are important to the determination of the ejection
system, fuzae functioning, particle size distribution and ground contaraination
pattern. The ejection mechanism and agent chacge are the payload that the
rocket must be designed to carry. Therefore an investigation of the area
contaminated by a single rocket was planned for in the next portion of the
work. The contamination produced bv Aifferent ajection systems was investi-
gated, as well as the ground coverage produced by groups of rockets. In-

. vestigation of possible rocket designs proceeced simultaneously with considera-
! tion of the area coverage problems. Base ejection systems were studied be-
. ! fore proceedi '3 to other dispersal methods. Both time and variable time fuzes
were considered. Work on rocket and launcher design was programnicd to

supply information requisite to the ground contamination problem.

F. Ta-" 1 - New Concerts fcr the Optimim Delivery of CW Agents

i. ‘Statement of Pzoblem

This task was assigned at the Steering Committee Meeting heid on Sep-
tember 26, 1956, The definition of the task is quoted from the letter dated
17 October 1956, Reference No, CMLRD-CYV -R(WR) DA-18-108-CML-5507.
"Thie task is designed to provide the contractor with the neceswary degres
of {reedom (or examining and proposing at his discretion various types of de-
livery systermn for CW agnuta.
"Based on the experience gained hy the contractar durirg the courmse nf

the existing contvict, contactas with other DOD agencies, and its own ingenuity,

ARMOUS 2LSCAICH SOUMODATION OF LTINS IMSTITUTE OF 1ECHMNOLOGY
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the Armour Research Foundation will propose concepts for promising dis-
semination and dispersion systems for toxic CW agents. The conceptn pro-

posed will be supported by theoretical considerations.”

2. Discussion of Tauk_

A dual approach to the accomplishment of this auighment was made,
First, during the planning and performance of the work for each assigned
task, conscious reflection concerning the objectives and means for accom-
plishing the desired results was employed. Critical thinking about ihe task
as defined leads to conjecture concerning difierent objectives as well as al-
ternative means for accomplishing the stated objective. In addition to pro-

- moting better understanding of the task, this type of thought engenders the

type of dissatisfaction that is the incentive for invention. Also, as the work
on each task progresses, obstacles are recognized, and ide~s for surmount-.
ing or avoiding these difficultien are suggested, This leads to the discovery
of new processes and new methods. Finally in the review of the work ac-
complished, new uses for the results, as well as other methods {or acliieving
these results, are considered. Wherever the schedule permitted, idear
directly related to an assigned task were investigated. However, ideas have
been generated which are int:resting but outside of the scope of assigned
work. These diversions, which may have grrater potential value than the
work leading to their inception, were studied and developed under this tagk.
The most valuable inspirations for constructive thinking may be expected from
the work in progress.

The other approach to new concepts is through group meetings held
specifically to generate ideas. These gatherings follow the general price-
dures widnly pubiicized in the current popular literature under such titles
as ‘‘group ingenuity', '""creative thinking'', “idea sessions”, "brain;ntorming".

etc. In this method, a problem is presented to several prople simultancously.

Thae arnenstiong flonns  ard aemponrhon fonmmy fndiaid Ya koo s A e amg
tra‘nong and waporiesces cause an interplay which resdia in & Yerent proce-
Zurns, or commbinalicsne and perwutaiizns of processes which woui-l ot be

P - : K Lem . ot . .
P R | [ - T T I S IR O O RPN

& oroad ailack upon he prowvigrm aed opena new avenues of sprroach o each

of the individual members of the team.
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Two idea-generating sessions were held. Ten people attended the first
meeting, and twelve attended the next. Thus twenty-one people were asked
to suggest concepts {or the delivery, dissemination or use of CW agents,
These people had different backjrounds as well as various degrees of knowl-
edge and experience concerning chemical warfare. Each person received a
brief statement of the purpose of the raeetiag in advance of the session he
attended. The first ten minutes of each introductory meeting were devoted
to a very brief general summary of chemical warfare. This was followed
by ten minutes of questions and answers. Forty minutes were spent attack-
ing specific problems. Then the people attending were urged to continue
thinking about the problems discussed. The meetings were concluded by
asking for brief memoranda covering ideas oL tained after the meeting or
too late for presentation during the session. |

Many of the ideas presented during the initial imaginative sessions
were 0ld, and have been considered, exploitad or rejected by the Chemical
Corps. These were not disccuraged. It appears that a necessary develop-
ment in thinking abcut any ‘uubject is the reconstruction of at least part of
its history. An attempt was made to encourage variations, extrapolatione,
rzlated concepis, - ‘rrelevant ideas from the discussion of each known or
previously discarded suggestion. An effort was required to counter the ef-
fects of critical remarks and convert such commeats into the basis for con-
structive thinking. Fortunately the more erudite members provided comments
helpful for moving the discussior iv!no imaginative areas and away [{rom time-
consuming disputation, Tnese sessions resulted in interesting suggestions.
They aloo served the purposes of introducing the subject matter and initiating
imaginative thought.

Twelve of the people who attended tne first idea-generating sessions
were contacted for additicnal ideas and developments from suggestions pre-
sented at the meeting., While this is 1 time-conlluming process, 1t 18 worth
the e{fort required to contact each individual., The ideas gathered in the fol-
low-up process are lezs plentiful, but each is more adequately considered
and more cogently presented than the sentence or two stated at the meeting.
It was too early to evaluate the raerits of any of the sugpestiona at thia

writing,
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3. New Concepts

a. Related to Obtaining Correct Drop Size Distribution of Agent

from an Aircraft Spray or Hoppers

l.. Use carriers of proper size and of a variety of
geometries; the agent adhering to the outside cf
the carriers,

2. Encapsulate the agent in containers of a variety of
shapes; the capsules to shatter on impact with personnel
or the ground.

3. Freeze the agent into particles of proper size.

4. Freese the agent into a rod and discharge through a
crushing mill to produce random particles of the corruct
size distribution.

S. Freeze the agent into droplets arnd co:! with a mare volatile
material. Disperse these pellets at temperature where the
agent is a liquid carried in a frozen container. The con-
tainer would melt and disappear before the stable drop
impacted.

6. Manufacture synthetic thistle down and coat with agent.

7. Dip maple seeds in agent.

b. Related to Sel{-Dispersing Bomb Shapes
1. Construct bomblets with folding rotary wings similar to

helicopter wings. High lift may be obtained without ex-
ccssive rolrtional speeda. QCpen the container at the cor-
rect height and rotational speed to obtain the proper particle
size distribution for optimum ground contamination.

2. Construct bomblets of shape similar to maple seeds. Make
the bomblets of different materialr having different masses
iv ubtain the desired distribution.

5. Construct bomblets which fall with random orientation.
Incopnorste amall rocket thrust unite in esch homhlet,
Ignite thrust units after a suitable time delay to obtain

/ random oricentation of thruat.

4. Similar 4o (1), bt incormorsts randam iznitics

= 21
LpETeied
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5. Put a heavy gtake or spear on bomblets, 30 they will fall
- with the spear oriented to stick into the ground, rnef tups,
| : otc. Place a rotating disc-ehaped container of agent on the
stake. Rotation is to be produced by small rocket thrust
~m\itl which will be ignited when the stake strikes the ground.
The rotation will spray fine particles of igent and the dis-
tribution will depend upon the rotational epeed.
6. Construct rubber bomblets that will bounce on impact and
be fuzed to ignite a pinwheel rotational device as above,

ball will spin at a rapid rate to disperse liquid agent while it

The

{s bouncing into the air,

7. Construct bomblets with rotational device as above which
will “skoot" along the grnund spraying agent.

8. Drop small mechanical toys with propellaat-actuated spray
ianke to be driven along the ground by the thruat produced

’ ; by the liquid jet.
9. Put thrust unit in bomblct fuze, 30 the bomblet will burst

in air,
10, Use frau;ibie bomblets to impact on rooftops, trees, foliage, etc.

po—y  —

€. Related to New Munitions

1. Develop inert reagenis which will react with *he products of

explosion under the conditions of an explosion to form ex-
Thus any HE shell may be made

R T

Fey =y

tremely toxic compounds.
into a toxic mumtion by incorporating the inert reagent into

the explosive.
- 2. Incorporate reagents into fuels to produce more toxic products

from incendiary munitiona.

G. Task XII - Investigate the Feasibility of Producing "Toxic Rain"
(John Rosinski, Robert Fisher)

L s s

i. Frmtaonant af Ppohlam

Task X1l was assigned because there ie & dasire to cover large arcas

suddenly with a shower of toxic agent dropping out of the sky, like a gentle

$ .
ran falling from the cloada, Thias work is preliminary tn 8 vrateen for
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sprinkling V-agents on personnel, equipment, and terrain in the insidious
manner of a sudden rain that wets unwary people. The system should be
noiseless and the attack difficult to detect. Debris from containers, other
objects or phencrmena that cculd identify the type of attack should be kept
far from the target area. Minute quantities (3 rnilligrams per man) of the
V-agente are lethal, Consequently, this type of attack might achieve such
complete surprise that it would be undiscovered until its effects were observed,
This task was assigned at a Steezing Committee Meeting held at Army
Chemical Center on 26 September 1956. It was definzd as follows:*
Task XII (New) Investigate the Feaei®ility of Producing "“Toxic Rain"
"This is a new task requiring that a study be conducted to determine
the feasibility of producing an effective rain of toxic agent over large arcas
for the purpose of producing diroct casualties as well as for ground contamina-
tion. The study will include, but not be limited to, the following parameters:
a. Optimum area for contamination
b. Quantity of agent required
¢c. Droplet size (> 3 mg)
‘d.  Altitude of release
e. Met conditions
"It is required that the contractor Jetermine and propose design criteria
for a system which will accomplish the desired end resulte with primary em-
phasis on those systems which are relatively soundiees upon functicning. "
Personnel of the Chemical Warfare Laboratories expressed the opinion
that the objectives of this tank might be achieved by a very simple device. It
was suggested that a 3uitable distribution of agent might result from opening
& suitable container of liquid at the proper height. Therefore, the Project
Officer requceted that the work be started by investigating the ground con-
tamination to be expected when a mass of liquid is relecased from a falling
container at very high altitudes.
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2. Discussion

In order to place an effective contamination density on the target area,
the agent must be released in the correct place, under conditions that will
form the correct drop sizes, for the winde existing during the ial’ of agent
| to d.sperse these dronlets and carry them to the target. The wind velocity
profile wi1tl be one of the limiting factors considered in the use of any device
for distributing drops of liquid. The importance of wind will increase as
height of release of the liquid, and therefore time of travel of the droplets,
is increased. The velocity profile is related to local ground wind, season
of yrar, latitude, local terrain, and general weathor conditions. The dis-
tribution of agert is dependent upoa the fluctuations from the average veloc-
: ity gradient as well as local turbulence during the travel of the droplets.
| The prediction of wind is an old and continuing Chemical Corps proble:n
which {s pertinent to the prediction of the travel and fallout of all airborne
materials, Difficulties in wind prediction may be minimized by judicious
choice of targets or by coatinuous monitoring and forecantii:3 of conditions

in potential target arczs,
The liquid studied has the following properties at 25 *C. The rrop-

erties of water are listed for comparison,

N o e

Agent Water
/2, denrity (gm/ml) 1.0 1.0
¢ surface tensiow (dyzc/em) 3i.6 70.0
4o viecosity (poiae) 0.10 0.01
vapor pressure (mm of Hg) 0.0015-0.003 23.7

[ 3. Progress
During this period the downwrind drift and time of fall of droplets was

calculated, the evaporation effects were evaluated, and equations for com-

i putation of ground contamination were derived.
Calculations of the avanoration from 1| mm diameter drops falling from
tioated at the weight loss would be of the order of 0.0l per

B s

R

5000 meters i
o cent and could bs eegleciod for this stedy.
i
Find wolzelity nenfiley recsived Carther atudy and it apnearad that the

velocity proliis wiuld be one of the Hmiiing factors to be conaidered in the
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operational use of sprays. The velocity profile is a function of local ground
wind, latitude, season of the year, terrain, and probably general weather
conditions. Thus it appears that it would be extremely dilticuit to predict
the velccity profile over the target at the time of attack.

For purposes of this study a reasouable velocity profile was assumed.
Eahatiom for computation of ground contamination by drops of discrete size
ranges released at 400 meters and 5000 meters were drrived. Programming
of the calculation of ground contamination for machine computation was
started.

Difficulty was encountered ir all attempts to predict the drop size-
time-space distribution of a mass of liqu:d released from & container fa' :ng
through the air. If suitable drop size distribution data are available, attempts
will be made to conduct the ground contamination analysis for the specific
si1ze distribution.

1lII. CONCLUSIONS

The search for data pertinent to the work on this project indicates the
need for fundamental investigation of the behavior of liquid agents under the

conditions in which they are disseininated from munitions.

Iv. RECOMMENDATIONS

Since this work is continuing, no recommendations will be made at

this time.
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